Circadian signaling in the chick pineal organ.
The chick pineal organ is recognized to contain an endogenous circadian oscillator as well as having direct photic input pathways and the capability of synthesizing melatonin. Despite its interesting circadian cell biology, far less is known about the chick pineal as compared to mammalian pineal glands. The goals of our research were to identify and characterize novel components of the circadian system in this photoneuroendocrine organ. Using a subtractive screening strategy of a nocturnal chick pineal cDNA library, we identified numerous genes whose expression in the chick pineal has never been reported. Among these, we focused our attention on a homologue to the regulatory subunit of the mammalian serine/threonine protein phosphatase (STPP) 2A. The expression of this gene in the chick pineal is highly circadian both in vivo and in vitro. Analysis of the PP2A enzyme in this tissue revealed that it is predominantly cytosolic in localization, sensitive to classical PP2A inhibitors, and far more active during the subjective night. Interestingly, the acute pharmacological inhibition of PP2A leads to elevated phosphoCREB levels and concomitant melatonin secretion, indicating that this enzyme participates at some level in the control of nocturnal pineal melatonin synthesis. In a second aspect of our research, we examined the mechanisms underlying the circadian rhythmicity of cyclic GMP in the chick pineal. This signaling molecule is poorly understood, despite its well-known, high-amplitude circadian rhythms and the presence of many cGMP-dependent targets in this tissue. Our work has shown that although both soluble (sGC) and membrane-bound (mGC) forms of guanylyl cyclase are present, the primary contributor to the circadian rhythms of cGMP is the mGC-B enzyme, which is activated only by the natriuretic peptide CNP. As pharmacological blockade of mGC-B (but not sGC) suppresses nocturnal cGMP levels, we conclude that CNP-dependent mechanisms are involved. Hence, the circadian clock in the chick pineal appears to drive either CNP secretion or mGC-B expression (or synthetic efficiency) in order to elevate nocturnal cGMP. Conversely, light may inhibit cGMP by uncoupling this drive. These data provide new strategies for understanding both photic input pathways (presumed to depend on cGMP) and cGMP-dependent cellular function in the chick pineal organ.